Abstract. Linguatula serrata is a pentastomid, a cosmopolitan parasite belonging to the Phylum Pentastomida. Humans may act as an intermediate or accidental definitive host of this parasite, manifesting the nasopharyngeal or visceral form, with the latter having been described more frequently. The occurrence of ocular linguatuliasis is extremely rare, but it has been reported in the United States and Israel. The objective of the present paper was to report the first case of ocular linguatuliasis in Ecuador and to extend the morphologic study of L. serrata by morphometric analysis. The patient studied was a 34-year old woman from Guayaquil, Ecuador who complained of ocular pain with conjunctivitis and visual difficulties of two-months duration. Biomicroscopic examination revealed a mobile body in the anterior chamber of the eye. The mobile body was surgically removed. The specimen was fixed in alcohol, cleared using the technique of Loos, stained with acetic carmine, and mounted on balsam between a slide and a coverslip. It was observed with stereoscopic and common light microscopes in combination with an automatic system for image analysis and processing. The morphologic and morphometric characteristics corresponded to the third-instar larval form of L. serrata. To our knowledge, ocular linguatuliasis has not been previously described in South America, with this being the first report for Ecuador and South America. The present study shows that computer morphometry can adequately contribute both to the morphologic study and to the systematic classification of Pentastomids, and L. serrata in particular.
Linguatula serrata is a pentastomid, a cosmopolitan parasite belonging to the phylum Pentastomida whose adult form is found in the nasal airways, frontal sinuses, and tympanic cavity of carnivorous mammals such as dogs, wolves, foxes, and felines, which are definitive hosts. The habitual intermediate hosts are herbivorous mammals such as sheep, cattle, and rodents. Humans may act as an intermediate or accidental definitive host, manifesting the nasopharyngeal or visceral form, with the latter being more frequently described. [1] [2] [3] Nasopharyngeal linguatuliasis, or Halzoun-Marrara syndrome, which has been described in Lebanon, Turkey, Greece (Halzoun) and Sudan (Marrara), is produced by ingestion of nymphs or third-instar larvae together with food such as raw or semi-raw sheep liver or lymph nodes. The symptoms are varied and include an irritated and sore throat, edema, and congestion that may extend to the larynx, Eustachian tubes, conjunctiva, nose, and lips. Dyspnea, dysphagia, vomiting, headache, photophobia, and exophthalmia may also be present. [3] [4] [5] Visceral linguatuliasis has been described in several countries in Europe, the middle East, North Africa, and almost all of the Americas. The disease is induced by consumption of water and food infected with the feces or pulmonary excretions of carnivores containing eggs of the pentastomid. 2, 4 When the embryo reaches the intestine, it transforms into a first larva that crosses the intestinal wall and migrates to different organs such as liver, lungs, mesenteric lymph nodes, and less frequently, brain, intestine, and the prostate gland. 2, [6] [7] [8] [9] [10] [11] [12] [13] [14] At these sites the larvae become encysted and undergo several changes until they transform into third-instar larvae or nymphs, where they can survive for one or more years. When they die, they are absorbed or may calcify. Encysted nymphs rarely produce clinical symptoms and are discovered during surgical intervention and radiologic examinations or at autopsy. The occurrence of ocular linguatuliasis is extremely rare and has been reported only in the United States and Israel. [15] [16] [17] [18] [19] [20] The objective of the present paper was to report the first case of ocular linguatuliasis in Ecuador and to contribute to the morphologic study of L. serrata by morphometric analysis.
CASE REPORT
A 34-year old woman, a teacher at a school in the Pascuales parish of Guayaquil, Ecuador, complained of ocular pain on the right side, with conjunctivitis and visual difficulties due to the presence of a shadow. She also reported that when she lay on her right side her vision became clear. The symptoms had been present for two months.
After a diagnosis of uveitis in the right eye she received treatment (prednisone acetate and atropine sulfate) that reduced the inflammatory signs and symptoms but not the pain. Biomicroscopic examination revealed a mobile body in the anterior chamber (iridocorneal angle from 6 to 7 hr) ( Figure 1) . A presumptive diagnosis of ocular cysticercosis was made and the only epidemiologic aspect reported by the patient was that she had been diagnosed as having taeniasis at four years of age and had been properly treated. Results of a serologic study were negative for cysticercosis. Evaluation of the problem led us to consider the possible existence of another parasite species that might have caused this disease. The decision to remove the foreign body surgically was concluded to be the best approach to reach an etiologic diagnosis and to institute pertinent treatment. The specimen was obtained by an appropriate surgical technique and immersed in physiologic saline for later analysis.
RESULTS
Description of the larva. The specimen removed from the anterior chamber of the eye continued to be mobile in saline for more than 10 hr. After this first observation, it was fixed in alcohol and cleared by the technique of Looss, 21 stained with acetic carmine, and mounted with balsam between a slide and a coverslip. 21 The specimen was then observed with a stereoscopic microscope and a common light microscope. For correct identification, we used a Leica Q500MC automatic system (Leica Microsystems Imaging Solutions, Ltd., Cambridge, United Kingdom) for image analysis and processing. Several measurements were made using a method similar to that described by Rego 22 to measure the hooks (Figure 2) .
The specimen was vermiform, flat, lanceolate, and pearly white, with a rounded anterior end that was wider than the opposite end. With this tapered appearance, it was 4.7 mm in length, the transverse diameter of the anterior region was 1.0 mm, the diameter of the middle region was 0.8 mm, and the diameter of the posterior region was 0.3 mm. The total area was 3.9 mm 2 . The body had a cuticle covered with 95 rings, with a 150.9 m interval between the first and second rings and varying intervals between the other regions. The mean intervals were 60.4 m in the anterior region, 53.8 m in the middle region, and 47.4 m in the posterior region. The posterior margin of the ring had a single row of spines that also varied in length according to region. The lengths of these spines were 32.5 m in the anterior region, 19.8 m in the middle region, and 16.2 m in the posterior region, and they were separated by a mean distance of 11.2 m. At the level of the first ring in the ventromedial region and in the anterior region of the body there was a rectangular structure with rounded corners and with strongly chitinous borders measuring 195.5 m ϫ 92.7 m, with an area of 13,673.8 m 2 , which corresponded to the buccal framework.
Two pairs of hooks were located medially and laterally to this structure, with an area of 10,233.3 m 2 ; their blade was 198 m, the handle was 138.7 m, and the fulcrum, rectangular and curved in shape, was 350 m (Figures 3 and  4) . We also observed four accessory hooks anterior to the main hooks, the largest of them measuring 96.1 m, with an area of 2,013.4 m 2 and the smallest measuring 77.6 m. These morphologic characteristics correspond to the thirdinstar larval form of L. serrata.
DISCUSSION
The pentastomids are a group of parasites classified between the arthropods and annelids and therefore assigned to a separate phylum, the Pentastomida. 1 The appearance of the hooks associated with the buccal framework led early morphologists to mistakenly consider that these parasites had five mouths, with the consequent denomination of pentastomid. However, some recent reports have considered them to be an aberrant group of crustacean parasites. 23 In the numerous studies on pentastomid infection, six species have been reported to infect humans, with Armillifer armillatus and L. serrata corresponding to more than 99% of all reports. 4 Armillifer armillatus is the parasite most frequently identified and is predominantly found in Africa. 2, 24 Infection with L. serrata has been reported in several countries in Europe, the Middle East and the Americas, in Canada, the United States, Panama, Costa Rica, Mexico, Colombia, Brazil, and Chile. [5] [6] [7] [8] [9] [10] [11] [12] [13] [14] 20, 25 In most cases, the parasites were detected at surgery or at autopsy, mainly in the liver, lungs, and lymph nodes. The other species reported to infect humans are A. moniliformis, A. grandis, Leiperia cincinnalis, and Raillietiella hemidactyli. 2, 4, 24 Ocular infection with all species is rare, but is even rarer with L. serrata. The literature has only reported three cases of ocular linguatuliasis, two of them in the United States. In 1960, Hunter and Higgins identified a third-instar larva of L. serrata extracted from the anterior chamber of the eye of a 16-year-old girl from Virginia. 15 This case had been referred to them for identification and was published twice in 1962. 16, 17 In the same year, Deweese and others 18 and Rentorff and others 19 reported an L. serrata nymph in the anterior chamber of the eye of an eight-year-old girl from Mississippi. The third case was reported in Israel by Lang and others 20 and involved a 12-year-old girl presenting with unilateral glaucoma secondary to the iritis caused by an L. serrata larva. To our knowledge, ocular linguatuliasis has not been reported in South America, with the present case being the first in Ecuador and in South America. In view of this observation, a complete study of ocular linguatuliasis was conducted, with an updating and expansion of its investigation by morphometric analysis of the L. serrata larva.
Few studies of L. serrata involving advanced morphology and systematic morphometry have been conducted. Banaja, 26 in a study of an L. serrata larva recovered from the abdominal cavity of a goat, described its characteristic fine morphology and discussed the functional morphology of spines and pores. The first study related to morphometry was published by Rego, 22 who carried out a systematic analysis of the pentastomids existing in the helminthology collection of the Oswaldo Cruz Institute (Rio de Janeiro, Brazil), which consisted of four L. serrata larvae, one of them detected in the intestine of a man and the remaining three in different hosts, i.e., Canis familiaris, Caviella australis, and Galea leucoblephara. The second study was that by Arroyo and others, 10 who reported the detection of extensive L. serrata in the abdominal lymph nodes of a 15-year old boy and compared them with L. recurvata. These investigators concluded that the size of the spines is important in the differential diagnosis between L. recurvata and L. serrata, being larger in the latter parasite. It is interesting to point out that the size of the spines varies according to the region measured, as also does the distance between rings, as indicated by the present data. This last observation has not been reported in the literature and is presented here together with other measurements for future comparisons.
The apparent discrepancy between some values reported in the literature and the present ones may be explained by the biological variability of the larva itself depending on the host or the organ in which it was detected. Another possibility may be the precision and objectivity of the method of computer morphometry used in the present study.
In conclusion, the present study has demonstrated that computer morphometry can make an appropriate contribution both to morphologic studies and to the systematic classification of pentastomids, and L. serrata in particular. 
